2,4-Dichlorophenol induces feminization of zebrafish (Danio rerio) via DNA methylation.
2,4-Dichlorophenol (2,4-DCP) is a ubiquitous contaminant of aquatic environments with an estrogenic effect on fish. However, the molecular mechanism underlying this effect remains elusive. To this end, the present study aimed to explore the effect of 2,4-DCP on sex differentiation and its relevant mechanism in zebrafish (Danio rerio). The results showed that a female-biased sex ratio was induced after exposing larval zebrafish to 2,4-DCP (0-160 μg/L) from 20 to 50 days post fertilization (dpf). The feminization of zebrafish was accompanied by decreased expression of male-related genes (sox9a, amh and dmrt1) under 2,4-DCP from 20 to 50 dpf. However, the expression of female-related genes (cyp19a1a, foxl2 and esr1) was also suppressed. Nevertheless, it is noteworthy that the methylation level of sox9a promoter was significantly increased, which may result in the significantly decreased expression of sox9a and ultimately the feminization effect of 2,4-DCP on zebrafish. In addition, 5-aza-2'-deoxycytidine (5-AZA), a methyltransferase inhibitor, significantly reduced the methylation level, increased the expression of sox9a, and partly impaired the feminization effect caused by 2,4-DCP, which further confirmed the importance of DNA methylation of sox9a in 2,4-DCP-induced feminization. These findings provide novel insights into the epigenetic mechanisms of DCP-induced estrogenic effect in fish.